. or seizurelike activity do not occur in human infants (Aicardi GABA B -receptor-mediated inhibition in developing mouse ventral 1994) or in infant animal models (Marescaux et al. 1992b) . posterior thalamic nucleus. J. Neurophysiol. 78: 549-553, 1997. This may be related to immaturity of the membrane and Inhibitory postsynaptic potentials (IPSPs) generated by activation synaptic properties of thalamic relay and reticular neurons of the thalamic reticular nucleus (RTN) were recorded in neurons during early postnatal life; in mice these only reach the adult of the ventral posterior nucleus (VP) in vitro in slices from mice state and permit full development of thalamic oscillations was found in 96% of VP neurons. This early IPSP was blocked Generation of rebound bursts in relay neurons is largely by bicuculline, showing its dependence on g-aminobutyric acid-A (GABA A ) receptors. A late IPSP peaking 357 { 27 ms after the dependent on inhibition by the reticular nucleus through faststimulus was observed in 22% of VP neurons in control medium acting, ionotropic GABA A receptors (Bal et al. 1995a; Hubut was uncovered in 38% of neurons when bicuculline was added. guenard and Prince 1994a; Warren et al. 1994 ). The role of The late IPSP was blocked by addition of a GABA B antagonist, GABA B receptors may be more limited normally because 2-hydroxysaclofen, to the medium (n Å 7); it had a reversal poten-GABA B antagonists reportedly do not affect intrathalamic tial of 098 { 1.3 mV, 14 mV negative to the early component. In oscillations in vitro (Bal et al. 1995a; Warren et al. 1994 ). ing in duration, with reduction in latency-to-peak by ú400 ms, between P1 and P10. No changes of comparable magnitude were fects occur in thalamic neurons of rats ¢8 days old (Huguenobserved in the duration of the earlier GABA A response. These ard and Prince 1994a; Ulrich and Huguenard 1996) and results show that both GABA A and GABA B IPSPs are present very under certain conditions in carnivores (Bal et al. 1995a; von early in the postnatal thalamus and that their characteristics evolve Krosigk et al. 1993) . It was not possible to demonstrate along independent paths during postnatal development.
toward the end of the second postnatal week (Warren and (SE) ms after electrical stimulation of the internal capsule or RTN Jones 1997).
was found in 96% of VP neurons. This early IPSP was blocked Generation of rebound bursts in relay neurons is largely by bicuculline, showing its dependence on g-aminobutyric acid-A (GABA A ) receptors. A late IPSP peaking 357 { 27 ms after the dependent on inhibition by the reticular nucleus through faststimulus was observed in 22% of VP neurons in control medium acting, ionotropic GABA A receptors (Bal et al. 1995a ; Hubut was uncovered in 38% of neurons when bicuculline was added. guenard and Prince 1994a; Warren et al. 1994) . The role of The late IPSP was blocked by addition of a GABA B antagonist, GABA B receptors may be more limited normally because 2-hydroxysaclofen, to the medium (n Å 7); it had a reversal poten-GABA B antagonists reportedly do not affect intrathalamic tial of 098 { 1.3 mV, 14 mV negative to the early component. In oscillations in vitro (Bal et al. 1995a; Warren et al. 1994 ).
contrast to the early IPSP, whose reversal potential became more Nevertheless, GABA B receptor binding can be demonnegative during postnatal development, the reversal potential of strated in mouse thalamus in early postnatal life (e.g., Lin the late IPSP remained constant throughout the postnatal period et al. 1993), and typical, GABA B -mediated slow inhibitory studied. The most significant change in the late IPSP was shortenpostsynaptic potentials (IPSPs) and presynaptic GABA B efing in duration, with reduction in latency-to-peak by ú400 ms, between P1 and P10. No changes of comparable magnitude were fects occur in thalamic neurons of rats ¢8 days old (Huguenobserved in the duration of the earlier GABA A response. These ard and Prince 1994a; Ulrich and Huguenard 1996) and results show that both GABA A and GABA B IPSPs are present very under certain conditions in carnivores (Bal et al. 1995a ; von early in the postnatal thalamus and that their characteristics evolve Krosigk et al. 1993) . It was not possible to demonstrate along independent paths during postnatal development.
GABA B -mediated IPSPs in earlier studies in mice Warren et al. 1994) . In the present study we report their presence in ventral posterior nucleus (VP) Warren et al. 1994) . Thalamocortical slices 400 mm thick accompaniments of petit mal epilepsy (Aicardi 1994). Spin-were prepared from ICR mice [postnatal day (P)1-P17] and condlelike oscillations and spike and wave discharges have their tinuously perfused at room temperature (22-25ЊC) with artificial basis in oscillations of interconnected thalamic relay neurons cerebrospinal fluid (ACSF) containing (in mM) 126 NaCl, 3 KCl, and GABAergic neurons of the reticular nucleus (Steriade 1.25 NaH 2 PO 4 , 1.3 MgSO 4 , 2.5 CaCl 2 , 26 NaHCO 3 , and 10 dexet al. 1993). These depend in turn on generation of low-trose, pH 7.4 when bubbled with 95% O 2 -5% CO 2 . In 2 of 22 experiments, the ACSF contained 5 or 10 mM bicuculline methiothreshold calcium spikes that lead to recurrent bursts of acdine (BMI) or bicuculline methchloride (BMC) throughout the tion potentials as relay cells recover from g-aminobutyric experiment. Whole cell recordings were obtained with pipettes acid (GABA)-imposed inhibition (Bal et al. 1995a,b; Hu- filled with (in mM) 140 potassium gluconate, 2 MgCl 2 , 0.1 CaCl 2 , guenard and Prince 1994a; Warren et al. 1994 ). Drugs such Spigelman et al. 1992) . Results are presented ms, n Å 49) after the stimulus was observed in 52 of 54 as means { SE.
(96%) neurons recorded in slices perfused with normal ACSF. This early IPSP was reversibly blocked by the addition of 5-10 mM BMI or BMC in 37 neurons and was R E S U L T S absent in 4 neurons recorded in slices perfused with ACSF IPSPs evoked by electrical stimulation were recorded in containing BMI or BMC. The reversal potential of the early 58 VP neurons from P1 to P17. All had resting membrane GABA A IPSP, measured in 46 neurons, became more negapotentials negative to 050 mV and overshooting action po-tive with age (r 2 Å 0.333, P õ 0.0001), as previously detentials.
scribed ). An early IPSP peaking 41 { 2.5 ms (SE; range 18-93 A late IPSP with a peak at 357 { 27 ms (range 200-697 ms, n Å 24) after the stimulus was observed in 25 of 53 (47%) neurons. This late IPSP was observed in only 11 of 49 (22%) neurons recorded in control ACSF, but was uncovered in 10 of 26 (38%) neurons when BMI or BMC was added to the ACSF and was obtained in all 4 (100%) neurons recorded in slices perfused with ACSF containing BMI or BMC. This late IPSP was found in neurons from P1 to P17 and was abolished by addition of 100-200 mM 2-hydroxysaclofen (2-OHS, n Å 7), indicating its dependence on GABA B receptors. The reversal potential of the late IPSP was measured only in neurons in which the peak of the response could be isolated, thus avoiding contamination by the GABA A IPSP. The reversal potential was 098 { 1.3 mV (range 0106 to 089 mV), on average 14 mV negative to the early component. As measured in 13 neurons, it showed no apparent relationship with postnatal age (r 2 Å 0.155, P Å 0.183). At all ages, both GABA A and GABA B IPSPs were hyperpolarizing at resting membrane potential. In some neurons, the inhibitory response appeared monophasic in control ACSF (Fig. 1A1 ) and a late IPSP could only be detected when BMI was added to the bathing medium, revealing a long-duration late IPSP that peaked almost 700 ms after the stimulus and 650 ms after the peak of the early component (Fig. 1A2) . The GABA B nature of the late IPSP was confirmed by its abolition in the presence of 2-OHS. In Fig.  1A2 , the late IPSP became apparent only during the recovery phase of the early IPSP (Fig. 1A2, vertical dotted line) . Putative GABA B IPSPs were also observed at P1 in control ACSF. In some neurons, in control ACSF, the earlier GABA A response was lacking (Fig. 1A3) , showing that GABA B receptor can be activated under normal conditions. In other neurons, in control ACSF, the two IPSPs were seen and there was a clear distinction between the early and late IPSPs which could be recognized by the presence of a hump occurring between them. In these cases, each component could be individually reduced with the use of specific pharmacological agents (Fig. 1B) and the early IPSP visibly reversed before the late IPSP as the membrane was hyperpolarized (Fig. 1C) . The late IPSP could not be detected in the response as a function of membrane potential curve of certain VP neurons; in others, including at older ages, a late IPSP could only be uncovered by blocking the GABA A response. Figure 1D shows a P14 neuron that displayed recurrent IPSPs in response to single-shock stimulation of the internal capsule (Fig. 1D1 ). There was a large early IPSP but no obvious late component (Fig. 1D2, CONTROL) . The late IPSP may have been obscured by activation of the low-threshold calcium spike. Addition of BMI uncovered a large excitatory postsynaptic potential that was blocked by 20 mM 6-cyano-7-nitroquinoxaline-2,3-dione and 50 mM D-2-amino-5-phosphonovaleric acid and revealed a small, late IPSP that was blocked by the addition of 2-OHS. Onset of the late GABA B IPSP coincided with the peak of the earlier GABA A IPSP and its peak occurred during the late recovery phase of the GABA A IPSP, during which the low-threshold calcium spike was apparently activated (Fig. 1D3, vertical dotted lines) .
The reversal potential of the GABA B IPSP did not change during postnatal development, in contrast to the GABA A IPSP. The most striking change was a shortening of the latency between stimulus and peak of the GABA B response ( Fig. 2A) . A change of several hundred milliseconds was not paralleled by a change of comparable magnitude in the GABA A response (Fig. 2B) . The latency-to-peak of the GABA B response was strongly correlated with postnatal age, explaining almost 75% of its variation. Less than 10% of the variation in the latency-to-peak of the GABA A response could be explained by postnatal age. 1994), probably because of masking by the large GABA A IPSPs or because of washing out of its second-messenger system constituents. We observed an increased probability regulated during postnatal development. The most significant change in the GABA A IPSP was hyperpolarization of its of evoking a GABA B IPSP when GABA A -mediated inhibition was blocked by adding bicuculline to the perfusing me-reversal potential; this could be attributed to changes in Cl 0 gradients occurring during the first postnatal weeks (Zhang dium. The blockade of GABA A receptors produces much larger bursts in RTN neurons through disinhibition (e.g., Bal et al. 1991) . There was no change in the reversal potential of the GABA B IPSP, but there was a large change in the et al. 1995b; Huguenard and Prince 1994b; . This would result in the release of a larger amount kinetics of the response. This cannot be attributed to alterations in axonal conductivity or neurotransmitter release beof GABA, which may be necessary to evoke a GABA B IPSP (Destexhe and Sejnowski 1995 
